Abstract. The aim of the present study was to analyze the differences in imaging and clinical features between primary pulmonary lymphoma (PPL) and secondary pulmonary lymphoma (SPL) to provide insight into pulmonary lymphoma for an improved clinical diagnosis. A retrospective study of 38 patients with pulmonary lymphoma (19 PPL and 19 SPL) treated between September 1, 2006, and December 31, 2015, was performed. The clinical manifestations, and computed tomography (CT) and positron emission tomography-CT images of each case were collected. χ 2 and Fisher's exact tests were applied to assess statistically significant differences between PPL and SPL in terms of clinical and imaging features. The significant variables were further applied to canonical discriminate analysis. The CT results revealed that the occurrence of a >3-cm mass (P=0.007), peripheral location (lower than the segmental bronchi) (P=0.027), cavitation (P=0.008) and consolidation (P=0.027) were associated with PPL, while peripheral and hilar location (P=0.003) or mediastinal and hilar lymph node engagement (P=0.044) were predominantly observed in SPL. However, no significant differences between clinical manifestations and the maximum standard uptake value of pulmonary lesions in PPL and SPL were identified (all P>0.05). A function derived from discriminate analysis was generated that may predict the affiliation to PPL or SPL radiographically, with an overall accuracy of ≤92.1%. The results of the present study revealed that PPL and SPL exhibit distinctive features on CT images due to distinct molecular mechanisms and growth patterns. Careful observation of CT features may be useful in the diagnosis of PPL and SPL regarding the tumor morphology, location and lymph node involvement.
Introduction
Pulmonary lymphomas may occur as a primary pulmonary malignancy or a secondary manifestation derived from systemic lymphoma (1) . Primary pulmonary lymphomas (PPLs) are defined as malignant lymphomas originating from pulmonary parenchyma or bronchi with or without hilar lymph node involvement, in the absence of tumor dissemination for ≥3 months after the diagnosis (2, 3) . Prevalence ranges between 0.5 and 1% of PPL malignancies and accounts for <1% of malignant lymphomas (4) . The rarity of PPL may be attributed to pulmonary tissue containing less lymphoid tissue compared with other sites. The most common type of PPL is mucosa-associated lymphoid tissue (MALT) lymphoma (70-90%), with the remainder comprising a miscellaneous group that includes non-Hodgkin low-grade extra-nodal B-cell lymphoma (NHL-B), high-grade diffuse large B-cell lymphoma (DLBCL) (5-20%), primary pulmonary Hodgkin's lymphoma and certain other extremely rare diseases (5) (6) (7) . Secondary pulmonary lymphoma (SPL), which is more common than PPL, refers to a secondary involvement of the lung from a known extra-pulmonary lymphoma or dominant pulmonary lesion, with indolent primary extra-pulmonary lesions observed within 3 months (8) .
These two origins of pulmonary lymphoma distinguish themselves pathologically, but may share the same mediastinal
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between primary and secondary pulmonary lymphoma YUHAO 1, 3 , JING LIU 1, 3 , CHANGHONG LIANG 1 and SHUIXING ZHANG manifestations with variant imaging features (8, 9) . Standard treatment protocols for PPL remain under investigation and are typically based on expert opinion rather than evidence-based, while therapy for SPL varies from its primary lesions (2) . Surgery has been suggested as the preferred treatment in cases of localized PPL, when complete resection may be achieved. Patients with SPL are typically treated with chemotherapy (10). Additionally, PPL, considering MALT as the most common type, exhibits with a better outcome compared with SPL (11). Chest, abdominal and pelvic enhanced-computed tomography (CT) are referred to as a basic diagnostic investigation of pulmonary lymphomas in the National Comprehensive Cancer Network (NCCN) guideline of 2015, while positron emission tomography (PET)-CT is recommended for in depth evaluation (12, 13) . PET/CT possesses increased accuracy in the overall staging of lymphoma compared with CT, and is often used alongside CT scans in the evaluation of patients with lymphoma (13) . The World Health Organization published a classification scheme in 2008 that grouped lymphomas by cell type, as well as by molecular, cytogenetic and phenotypic characteristics (14) . Previous studies have demonstrated the radiological presentations of distinct pathological types of pulmonary lymphoma, as well as the differentiation between pulmonary carcinoma and other lymphoproliferative changes of the lung, and a consensus has been reached to a certain extent (15, 16) . However, only a limited number of studies have investigated the differences between PPL and SPL, with conflicting results having been reported (9, 17, 18) . To the best of our knowledge, in only one investigation has the distinction in clinical manifestations and radiological features between PPL and SPL been taken into consideration (19) . At present, the treatments are similar between PPL and SPL.
The aim of the present study was to analyze the imaging features and clinical manifestations of PPL and SPL to improve our understanding of their pathogenesis and growth patterns. The differences observed between PPL and SPL features in CT results may improve early detection, offer proper referral for further examinations and provide timely treatment for an improved prognosis.
Patients and methods

Eligibility.
A total of 47 patients with pulmonary lymphoma were retrospectively identified through a key word search (pulmonary lymphoma) of pathological databases at Guangdong General Hospital (Guangzhou, China) who were treated between September 1, 2006, and December 31, 2015. A single patient with HIV infection was excluded from further analysis, as they presented with acquired immunodeficiency syndrome-associated lymphoma. A further 8 cases were excluded due to a lack of sufficient recorded details. Subsequently, 38 confirmed cases with thorough medical records were included in the present study, equally divided (n=19) between PPL and SPL. The study group consisted of 16 women (42%) and 22 men (58%), with a mean patient age of 39 years (range, 21-77 years) and a male:female ratio of 1:1.38. The present study was ethically approved by the Institutional Ethics Committee of Guangdong General Hospital (Guangzhou, China).
Imaging protocol. All patients were scanned with a 64-slice CT scanner (GE Light Speed VCT scanner; GE Healthcare, Chicago, IL, USA). Imaging parameters were as follows: 230 mAsec; 120 kVp; field of view, 33x33 cm; slice thickness, 1.25-mm; and intersection gap, 1.25 mm. Precontrast and enhanced images were obtained from the apex to the diaphragm. Extrathoracic involvement was excluded or confirmed using a standard abdominal CT scan and bilateral iliac crest bone marrow biopsies. A total of 15 patients had undergone fluorine-18 2-deoxy-2-fluoro-D-glucose (18F-FDG) PET scanning. PET/CT scans were performed on an RDS111 cyclotron scanner (Crystal Technology & Industries, Inc., Addison, TX, USA). Patients were fasted for ≥6 h prior to scanning. Blood glucose was measured and recorded on the radiology information system prior to an intravenous injection of 4 MBq/kg 18F-FDG. Imaging commenced ~90 min after injection and included the area from the skull base to the upper thighs. The PET/CT images were captured under normal tidal respiration for 2 min/bed position, for a total of 8-10 bed positions. The CT images were captured using the following parameters: Tube voltage, 120 kV; tube current, 100-500 mA; slice thickness, 5-mm; and slice interval, 5 mm. Images were reconstructed with a 1.25-mm slice thickness and 1.25-mm slice interval. CT scanning was performed prior to PET scanning. The maximum standard uptake value (SUV max ) was recorded using a standard volume of interest tool (Wizard workstation 16; Siemans AG, Munich, Germany).
Two radiologists, who had specialized in thoracic diseases for >10 years, reviewed all cases independently for radiological evidence at initial diagnosis, the presenting signs and symptoms at the first visit, and previous attempted diagnostic procedures and therapeutic protocols. Histological specimens were reviewed to validate the diagnosis of lymphoma. Paraffin-embedded biopsy specimens (thickness, 2-3 µm) were stained with hematoxylin and eosin for 10 min at room temperature, and subsequently observed under an Olympus light microscope (magnification, x400) Discrepancies in interpretation were solved by discussion or evaluated by a third radiologist.
Statistical analysis. χ 2 or Fisher's exact tests were used to assess the statistical significance between PPL and SPL in terms of clinical and imaging features. Fisher's exact test is a widely used alternative to χ 2 for comparing pairs of proportions in a 2x2 contingency table with small samples. All statistical tests were 2-sided and P<0.05 was considered to indicate a statistically significant difference. Significant variables associated with CT features were then applied in a canonical discriminant analysis to differentiate between the diagnosis of PPL and SPL. Prediction equation L was built based on significant variables and probability belonging to PPL, 1/(1+e -L ).
Results
Patients. All patients were histologically confirmed with pulmonary lymphoma. A total of 12 patients underwent diagnostic video-assisted thoracic surgery, 7 underwent a lobectomy, 6 underwent a bronchoscope biopsy procedure and 13 underwent a CT-guided transthoracic needle biopsy procedure. A total of 19 patients were diagnosed with PPL (9 women and 10 men; female:male ratio, 1:1.1; mean age ± standard deviation, 46.7±3.5 years; range, 21-71 years), while 19 were diagnosed with SPL (7 women and 12 men; female:male ratio, 1:1.7; mean age ± standard deviation, 44.9±4.2 years; range, 22-77 years). Of the 19 patients with PPL, 10 cases were regarded as MALT NHL (5 women and 5 men; female:male ratio, 1:1; mean age ± standard deviation, 49±5.2 years; range, 39-67 years), 2 were DLBCL, 2 were T cell lymphoma and 1 was natural killer/T cell (NK/T) lymphoma, with the remaining 4 cases being diagnosed as classic Hodgkin's lymphoma, nodular sclerosis type (Fig. 1) . For the 19 cases of SPL, 7 were diagnosed as DLBCL of NHL, 4 were T cell lymphoma of NHL, 3 were NK/T lymphoma of NHL and 1 was mantle cell lymphoma. classic Hodgkin's lymphoma, nodular sclerosis type, accounted for the 4 remaining cases (Fig. 1) .
Clinical manifestations. The initial presenting symptoms of PPL and SPL are summarized in Table I . The predominant symptoms experienced by patients with PPL were coughing (53%), chest pain (32%), dyspnea (21%) and fever (26%), while 21% were asymptomatic compared with 11% asymptomatic patients with SPL. As the most common and well-characterized type of PPL, MALT lymphoma was observed and analyzed separately. However, no significant differences between the clinical manifestations of MALT and non-MALT lymphoma of NHL in PPL were identified, with the exception of fever (P= 0.011). For SPL, 53% of patients possessed intrathoracic or jugular lesions of indolent manifestation, as observed using CT. A single patient presented with inguinal lymphadenopathy, 1 with skin lesions, 4 with gastrointestinal lymphoma, 1 with splenic lymphadenopathy and 1 with nasopharyngeal lymphoma. In total, ≤32% of the patients complained of weight loss and 20-26% experienced respiratory symptoms such as coughing and chest pain. Hemoptysis was rare and only observed in 1 patient. No statistically significant differences in respiratory or systemic symptoms between PPL and SPL were identified, with the exception of stage I-E (P= 0.027).
Imaging features
CT. A comparison of the CT features of PPL and SPL is presented in Figs. 2-4 . PPL was located more peripherally (lower than the segmental bronchi; n=8; P<0.027), while SPL disseminated in a more diffuse pattern with peripheral and hilar lesions (n=14; P<0.003). MALT (n=7) were higher in number compared with the non-MALT of PPL (n=1; P<0.02). Cavitation occurred in 40% of the PPL group, while not being observed in patients with SPL. The most common CT abnormality in the PPL group was a mass or mass-like consolidation of homo-intense or marked heterogeneous Table I . Symptoms of patients upon diagnosis of PPL and SPL. enhancement, observed in 12/19 patients (P=0.007). The same was not true for SPL, in which the most common CT feature observed was hilar and mediastinal lymphadenopathy (n=10; P=0.044). Consolidation was observed more in the PPL group (n=8) than the SPL group (n=2; P=0.027). Of the 38 patients in the present study, 20 (53%) experienced abnormalities in ≥2 of the 6 categories in which significant differences were identified (Fig. 2) .
As for the non-significant CT features, CT-angiogram and air-bronchogram, as well as pleural involvement in lymphoma are the most common features that cause debate among radiologists. Analysis of the cases in the present study revealed that the CT-angiogram sign (enhancing vessels observed within the mass or consolidation) was observed in 26% of the PPL and 11% of the SPL cases. Air bronchograms were observed in 8 PPL cases and 4 SPL cases, without significant differences. A total of 5 patients with PPL presented with pleural involvement, including pleural thickness or pleural effusion, while 8 cases were observed in the SPL group. Vessel engagement was observed in 5 cases of PPL and 2 cases of SPL, without significant differences. With regard to lobular involvement, the present study observed that PPL and SPL were able to manifest as bilateral or unilateral lobular involvement, without preferential significance.
PET-CT.
A total of 15 patients underwent PET-CT scanning, including 8 in the PPL group and 7 in the SPL group. A total of 6/8 patients with PPL were MALT type, presenting with a unilateral or bilateral nodule or mass >3 cm, and the remaining 2 were validated with classic Hodgkin's lymphoma. SUV max of the primary site for these 8 cases ranged between 2.3 and 11.3, with 3.8 as the median and 6.0 (±3.7) as the mean value. The extrapulmonary lymphadenopathy of SPL in the present study involved hilar, mediastinal, neck, stomach, small intestine and pelvic regions, among others. The range of SUV max in these lesions was between 6.6 and 10.9. The SUV max of the pulmonary lesions ranged between 1.3 and 18.4, with 3.5 as the median and 7.8 (±7.0) as the mean value.
Differential analysis.
No statistically significant differences for SUV max PET/CT between PPL and SPL were identified. However, the statistical analysis of the CT results revealed 6 features that may assist in the radiological differentiation between PPL and SPL (Fig. 2) . The major variables associated with primary involvement of the lung appeared to be peripheral location, cavitation, mass size >3 cm and mass-like consolidation (Fig. 2) . Tumor localization involved the peripheral lobe and hilum, with hilar and mediastinal lymphadenopathy observed more in SPL (Fig. 2) . All of these features associated with CT scan results were then used in a discriminant equation in an attempt to differentiate the diagnosis of PPL and SPL.
Overall accuracy of the established prediction equation was 92.1%, with a false positive prediction in 0% for PPL and a false-positive prediction in 15.8% of SPL (Table II) . (Table II) .
Discussion
The present study analyzed the imaging features and clinical manifestations of PPL and SPL in an attempt to identify any differences and improve the understanding of their mechanisms and growth patterns, to ultimately contribute to the improved early diagnosis of PPL and SPL. Patients in the two groups may P<0.001. PPL, primary pulmonary lymphoma; SPL, secondary pulmonary lymphoma; n.s., not significant. Table II . Classification for PPL and SPL by means of radiographic features. histological test  PPL  SPL  Total   PPL  19  0  19  SPL  3  16  19   Total  22  16  38 PPL, primary pulmonary lymphoma; SPL, secondary pulmonary lymphoma.
Predicted diagnosis based on radiographic features Actual diagnosis based on ---------------------------------------------------
present with non-specific pulmonary symptoms or an unclear history of precedential lymphomas, which is consistent with previous studies (19, 20) . The present study demonstrated that CT features may assist in the diagnosis of PPL and SPL with regard to tumor morphology and location, and lymph node involvement, but not with regard to the SUV max of PET/CT. 18F-FDG PET, which is based on functional metabolism rather than morphological mapping, serves an important role in the diagnosis and assessment of numerous types of malignancy, including lymphoma (21) . However, this is not the case for the differentiation between PPL and SPL, as they share similar metabolism to the majority of lymphomas.
PPL is a malignant, monoclonal lymphoid proliferation within the lung parenchyma, presenting as a mass or nodules on CT images. MALT lymphoma is the major immunophenotype of PPL, accounting for 53% of PPL in the present study. Bronchial mucosa-associated lymphoid tissue (BALT) is a type of MALT; a submucosal collection of lymphocytes (B and T cells) along the bronchial epithelium specializing in mucosal defense (5) . BALT is absent from the lung in normal circumstances, developing in the bronchi only when there is chronic antigenic stimulation, and undergoing secondary lymphomatous transformation arising from marginal zone B cells, which may result in a peripheral mass (lower than the segmental bronchi) (3, 11, 22) . Cavitation and consolidation may occur subsequent to bronchi obstruction as the mass expands. Compared with PPL, SPL are malignant lymphoid growths disseminated from other sites, primarily through the mediastinal and hilar lymph nodes, to reach the lung parenchyma. Therefore, hilar and mediastinal lymphadenopathy was more commonly observed in SPL in the present study. Another possible explanation for the diffuse growth pattern of SPL may be that the majority of patients were diagnoses at a late stage, where the central and peripheral lung were affected.
Establishing radiological criteria for discrimination between these two types of lymphoma may be beneficial in guiding early diagnosis, evaluation and initiation of therapy (13, 23) . This is important as therapeutic strategy and prognosis differ significantly between the two (19) . PPL tends to present as an isolated mass or nodules that are treated with surgical resection alongside adjuvant chemotherapy or radiotherapy (24) . However, SPL often presents with a disseminated pattern, referred to as advanced stage in the Ann Arbor classification (25) , and polychemotherapy is recommended in the majority of cases (26) . The prognosis for PPL is preferable to SPL, with SPL prognosis varying across distinct primary neoplasm immunophenotypes (27) . An initial radiological diagnosis of SPL may suggest the use of further investigations, such as PET-CT or whole-body CT for overall evaluation and grading, which is recommended in the NCCN guidelines (12) . Additionally, early detection of PPL may prevent unnecessary investigations, such as PET-CT in early-stage MALT lymphoma, considering that it is an indolent type with decreased incidence of distant metastasis compared with the disseminated pulmonary lymphoma (2, 5) .
The results of the present study indicated that with the exception of MALT of NHL, other subtypes of lymphoma, including T cell and NK/T cell may also occur as primary neoplasms in the lung. The variability and similarity of lymphomas make an early diagnosis difficult (28) . To the best of our knowledge, no precedential analysis focusing on the discriminative radiological features of PPL and SPL has previously been performed. The present study demonstrated that the observation of certain imaging features may assist in the accurate differential diagnosis of PPL and SPL. A mass or mass-like consolidation of homo-intense or marked heterogeneous enhancement with cavitation that favors a peripheral location was significantly associated with PPL, which is in line with the results of a previous study (29) . SPL disseminated in a more diffuse pattern with hilar and mediastinal lymphadenopathy (1). A prediction equation based on features observed in CT results was adopted by means of discrimination analysis regarding 6 statistically significant features, with an accuracy of up to 92.1%.
However, there are certain limitations to the present study. First, the sample size was limited and the cases were non-consecutive. Secondly, the study was retrospective. Thirdly, not all of the patients underwent PET-CT investigation, although all of them had undergone a whole-body CT scan and bone marrow aspiration. As a result, the present study focused more on the CT imaging. Finally, based on limited cases, the prediction equation derived from the canonical discriminate analysis warrants further verification from additional studies.
In conclusion, PPL and SPL present distinct features in CT images due to different molecular mechanism and growth patterns. The careful observation of CT images may facilitate the differential diagnosis of PPL and SPL with regard to tumor morphology and location, and lymph node involvement. This may improve the early diagnosis and guide further individualized investigation referrals for the patients, as well as aiding the early initiation of treatment strategies.
